Introduction
Heavyweight concrete has been widely used for protection against radioactive rays in nuclear power plants, medical units, and in structures where radioactive impermeability is required [1] . With the development of technology in a variety of fields, it becomes important to take account of many parameters in building construction. Besides architectural aspect the physical and mechanical properties of building materials and also protection against radiation are important in a building construction [2] . The choice of the linear attenuation coefficient of a shielding materials µ, which is defined as the probability of a radiation interacting with a material per unit path length, is an important quantity and has to be known. The magnitude of linear attenuation coefficient depends on the incident photon energy, the atomic number and the density ρ of the shielding material [3] . When density of shield concrete is increased, its thickness can be reduced. In order to increase density of shield concrete, the percent of aggregate in this concrete has to be increased [4] . The type and quantity of aggregate in the concrete are important components for radiation protection properties of concretes. Using barite (BaSO 4 ) in building construction surely would be a good choice for protection against radiation, but this is not feasible as there is not enough barite reserve in the world [5] .
The effects of radiation on an organism depend on the effects of the absorbed radiation on the cells of which the organism is composed. The cellular changes caused by exposure to electromagnetic energy are in turn caused by chemical reactions following the absorption of photons by molecules of the cell. The effect on the cells depends on the presence of absorbing molecules within or around * corresponding author; e-mail: seref@tef.sdu.edu.tr the cells [6] . The need for safeguarding against significant and continuing radiation exposure is based on evidence of harmful biologic effects [7] . Radiation is dangerous for cells and they should be protected. This can be done by taking into account three main factors, namely time, distance and shielding [8] .
Materials and methods
The first step in any room planning for radiotherapy services is to establish the design criteria. These criteria comprise (i) the limitations imposed by the allowed dose equivalent rates in different areas of the facilities and (ii) the existing space for construction [9] . In this study, the choice of materials in the construction of a radiotherapy centre was investigated and the architecture of the first radiotherapy centre is designed. There are two rooms in one radiotherapy unit design.
The transmission of the barrier, required to reduce the primary radiation field to the dose limits outside the barrier is given by [9] 
where P (Sv/week) is the dose per week outside the barrier (shielding design goal); d pri (m) is the distance from the x-ray target to the point to be protected, which generally varies between 3 and 6 m, W is the workload, or absorbed dose per week at 1 m from the target (Gy/week), U is the use factor, the fraction of the beam-on time, during which the primary beam is directed to the barriers, and T is the occupancy factor, a factor that takes into account for the occupancy of the area in question. The attenuation coefficient of gamma rays was determined by measuring the fractional intensity N x of radiation passing through the material of thickness x, as compared to the source intensity N 0 . The linear attenuation coefficient µ has been obtained from the solution of the exponential Beer-Lambert's law [10] (441) Ş. Kılınçarslan, B. Akyol
Half-value layer (HVL) and tenth-value layer (TVL) are the thicknesses of an absorber that will reduce the gamma radiation to half and to tenth of its intensity, respectively. These are obtained by using the following equations [11] 
The thickness of the barrier is then evaluated by applying the TVLs data, based on the energy of the photons and type of shielding material. In this case, the number of TVLs is given by [12] n = − log(B pri ).
The thickness of the barrier is X = nTVL. Figure 1 shows a three-dimensional image of the radiotherapy center. The radiotherapy center was designated having two rooms. The rooms were designated to be square sized with dimensions of 7.5 meters and height of 6.5 meters. According to project, the radiotherapy center was selected to be built of steel of class S420 and of concrete of class C30. Properties of the concrete used in this study are given in Table I . The results obtained using the above described properties of materials are given in Table II . The design of the radiotherapy center was made using static analysis program Sta4CAD and finite element analysis program SAP2000, considering normal concrete and heavy concrete as building materials. The analysis results for the construction period and earthquake displacement analysis results for considered concrete materials are given in Table III . After the analysis, quantities of the used materials were obtained and the results are given in Table IV . 
Conclusions
Calculated thickness of the heavy concrete shielding walls is about 50% less than that of normal concrete wall. Therefore shear wall reinforcement is increased in design with heavy concrete.
It is observed that, the mass and rigidity centres of the designed radiotherapy centre are nearly coincident for the solutions including normal concrete as well as heavyweight concrete. The earthquake and the strength of the centre of mass is distributed system here. The behaviours of the building against earthquakes radiotherapy centre therefore constitute irregularities.
The centre of rigidity of factors that affect the structures, such as construction period and displacements are very close to both the material and show that it is safe to be done by heavy concrete design to reduce design section thickness by heavy concrete. This study results; Selection of the heavy concrete building in the centre of radiotherapy has been shown to positively affect construction.
